Aims: A shortage of nurses happens not only in developed countries, but also in developing countries, such as in China, but the nurse turnover here makes the situation worse. Why do Chinese nurses want to leave the nursing profession? Our hypothesis is that unfavourable psychosocial work environment could predict nurses' intention to leave (ITL). Methods: Collaborating with the EU NEXT study (Nurses' Early eXit sTudy), the longitudinal study was conducted in China, and the psychosocial work environment was measured with the Copenhagen Psychosocial Questionnaire (COPSOQ). A total of 3,088 registered female nurses working in hospitals were eligible for the baseline analyses by multivariate logistic regression, and 1,521 for the one-year follow-up analyses by multivariate Poisson regression. Results: A wide range of psychosocial factors at work -in particular, increased emotional demands, decreased meaning of work, decreased commitment to the workplace, and decreased job satisfaction -were associated with ITL in both baseline analyses and prospective analyses after adjusting for numerous confounders. Conclusions: The findings suggest that unfavourable psychosocial work environment predicts ITL in Chinese nurses. Improvements in the psychosocial work environment may be helpful in retention of the nursing workforce.
Introduction
A shortage of nurses is reported to be an increasing problem worldwide. In 2002 it was reported that most industrialized countries are or will be facing nursing shortages [1] . Estimations from the Bureau of Labour Statistics in 2001 indicate that, in the USA, more than one million new nurses will be needed by the year 2010, and shortages are expected to grow to 30% by the year 2020 [2] . In a report from the Organisation for Economic Cooperation and Development (OECD, 2005) examining nurse shortages in the OECD countries the following underlying reasons for the increased demands were listed: economic expansion, population growth, an ageing population, technological advances, and higher patient expectations [3] . Nursing shortage and understaffing have been linked to a number of indicators for insufficient care, such as patient mortality, adverse events, accidents and nosocomial infections [4] .
However, it might be surprising to many people that the nurse shortage happens not only in developed countries, but also in developing countries, such as in China. According to the World Health Report 2006 (WHO, 2006) , the average density of nurses per 1,000 throughout the world is 4.06, whereas the density of nurses per 1,000 in China is only 1.06, ranking 133rd out of 191 WHO member countries [5] . The Nursing Development Plan in China (2005) (2006) (2007) (2008) (2009) (2010) released from the Ministry of Health [6] indicated clearly: ''the nurse shortage has great influence on clinical nursing quality and the development of nursing workforce.'' One of the key aims in the future is ''to increase the number of nursing positions, and to promote the retention of existing nursing staff''.
Theoretically, there are four ways in which the pool of active nurses might be increased [7, 8] . 1) The input may be increased by providing more education facilities at nursing schools. However, currently, it seems unlikely that an increase in provision of nursing training alone will solve the future demands for nursing staff. Among other reasons this is due to the relative unattractiveness of the nursing professions to young people in many countries [9] . 2) Another way of increased input would be through immigration of nursing staff from other countries. Currently nurse migration mainly occurs in an East to West direction. The phenomenon has been observed that more and more Chinese nurses go abroad to work in Singapore, Hong Kong, and even in Europe [10] . It seems that the input side in China could not improve the situation much. 3) On the output side, raising the retirement age may be regarded by some as a solution to the problem of a shortage of nurses. However, the rising unemployment rate in the Chinese labour market makes late retirement impossible. 4) As a result, the most effective way of assuring nursing in the future therefore seems to promote the retention of existing nursing staff.
Collaborating with the European Nurses' Early eXit sTudy (NEXT Study), the Chinese NEXT Study investigates the working conditions, health, and intention to leave (ITL) in registered hospital nurses. According to the research findings from the European NEXT Study, some psychosocial work characteristics, such as effort, reward, overcommitment (based on the Effort-Reward Imbalance model), job demand, and influence at work (based on the Demand-Control model) are the big reasons of professional turnover intention among European nurses [11, 12] . Yet, some other psychosocial work characteristics, like emotional demands, meaning of work, predictability, quality of leadership, feedback, social community at work, and job satisfaction etc, are not well tested. In particular, client-specific work characteristics (such as emotional demands) are regarded as very important psychosocial stressors, especially in the area of human service work, for example, healthcare/nursing work [13, 14] . These psychosocial characteristics in the workplace are all included in a recent questionnaire, the Copenhagen Psychosocial Questionnaire (COPSOQ) [15] . Furthermore, global changes in the economies during the past decades have heavily impacted the healthcare organizations, and accordingly, the working conditions of healthcare workers have changed enormously [16] . More recently, it has been pointed out that the accurate assessment of change in psychosocial work characteristics is crucial when investigating the causal relations between work stress and outcomes with longitudinal design [12, 17] .
Aims
This article therefore has two aims. Firstly, we examine the impact of a broad range of psychosocial work characteristics measured by COPSOQ on ITL among a sample of Chinese registered hospital female nurses, in cross-sectional and one-year follow-up analysis. Secondly, we analyze the prospective association between change of psychosocial work characteristics and ITL.
Methods

Study design and population
The Chinese NEXT is a one-year longitudinal study. It was approved by the Ethics Committee of Fudan University, China. In the baseline survey during January to May 2007, 3,800 nurses working in inpatient wards from 12 hospitals were recruited, of whom 3,418 filled in the questionnaire and returned it (response rate: 89.95%). We excluded 330 respondents (89 questionnaires with logical errors, 219 questionnaires with missing values of key measures, and 22 male nurses), resulting in a sample of 3,088 respondents at baseline for cross-sectional analysis. In the follow-up survey during January to May 2008, 3,800 questionnaires were sent to the same 12 hospitals, and 3,342 nurses responded (response rate: 87.95%). We further excluded 488 respondents (123 questionnaires with logical errors, 335 questionnaires with missing values of key measures, and 30 male nurses), resulting in a sample of 2,854 respondents at follow up. Of the 3,088 female respondents from the baseline survey, 1,791 nurses responded to the follow-up questionnaire (follow-up rate: 58.00%). One thousand, five hundred and twenty one female nurses who had no intention of leaving the nursing profession at baseline were included in the prospective follow-up analysis.
Measurements
Psychosocial work environment: Fourteen different psychosocial work characteristics were measured at both baseline and follow up by the short version of the COPSOQ [15] , whose validated Chinese version is available [18] . The following 14 characteristics of the psychosocial work environment were measured: quantitative demands, emotional demands, influence, possibilities for development, degree of freedom at work, meaning of work, commitment to the workplace, predictability, quality of leadership, social support, feedback, social community at work, job insecurity, and job satisfaction. For most items, five response categories were used either with intensity (from ''to a very large extent'' to ''to a very small extent'') or frequency (from ''always'' to ''never/ hardly ever''). All the scores for each psychosocial work characteristic were ranged from 0 to 100, the high value representing a high level of the concept being measured.
Psychosocial work environment index: Besides each psychosocial work characteristic, a psychosocial work environment index was created to evaluate the combined effect of total characteristics [19] . The values of the four overall domains (demands at work, work organization and job contents, interpersonal relations and leadership, and work-individual interface, see Table III ) were added together after adjusting for scoring direction, resulting in a possible score from 0 to 400, with a higher score indicating a more unfavourable psychosocial work environment.
Intention to leave (ITL) the nursing profession: At both baseline and follow up, the intention to leave the nursing profession was measured by a single item (''How often during the course of the past year have you thought about leaving nursing?''). The response categories were ''never'', ''sometimes a year'', ''sometimes a month'', ''sometimes a week'', ''every day''. Nurses indicating that they wanted to leave the profession ''sometimes a month'' or ''sometimes a week'' or ''every day'' were considered to ''have ITL'' [11, 12] .
In addition, information on age, education, marital status, economic status, life style and work history were collected at baseline.
Data analysis
Descriptive statistics were generated in the first phase. Means and standard deviations (SDs) were investigated for continuous variables, and relative frequencies were examined for categorical variables. We calculated Pearson's correlation coefficients among 14 psychosocial work characteristics at baseline and among 14 changes of psychosocial work characteristics between baseline and follow up. In addition, we calculated the correlation coefficients between each pair of psychosocial work characteristics at baseline and at follow up. Next, we analyzed: (1) cross-sectional associations between psychosocial work characteristics and ITL at baseline in 3,088 nurses, using multivariate logistic regression. The results are shown as odds ratios (ORs) with 95% confidence intervals (CIs); due to weakness of drawing causal relations of cross-sectional analyses, we then explored (2) prospective associations between psychosocial work characteristics at baseline and new onset of ITL at follow up in 1,521 nurses, and furthermore (3) prospective associations between changes of psychosocial work characteristics and new onset of ITL at follow-up in 1,521 nurses. To take the ''ceiling effect'' and the ''floor effect'' into account, we followed a measurement procedures described by Twisk [20] . The increased changes were defined as [(scores at follow-up -scores at baseline) / (maximal score -scores at baseline)], and the decreased changes were defined as [(scores at follow-up -scores at baseline) / (scores at baselineminimal score)]. Multivariate Poisson regression was applied for prospective associations to calculate relative risks (RRs) and 95% CIs. The Poisson regression modelling has been suggested for the estimation of RRs for binary data when the outcome is common (incidence410%) [21] .
The analyses were adjusted in five steps: In model I, the psychosocial work characteristics were not adjusted for any confounding factors, i.e., the crude model; in model II, the psychosocial work characteristics were adjusted for age, birthplace, marital status, education, smoking, alcohol drinking, physical exercise, work tenure, work hours per week, shift work, contract status, position rank, professional title, and departments at baseline. In both model I and II, the 14 psychosocial work characteristics were not adjusted for each other. In model III, the 14 psychosocial work characteristics were mutually adjusted to examine the independent effects of each psychosocial work characteristic. In model IV, one psychosocial work characteristic (social support) was excluded from the mutually adjusted analyses due to its high correlation with other psychosocial work characteristics [22] . In model V, two more psychosocial work characteristics (commitment to the workplace and job satisfaction) were further excluded from the mutually adjusted analyses because they might be considered as ''intermediate'' variables between the work environment and outcomes [15, 19] . Besides, the psychosocial work environment index was regressed only in models I and II without adjusting for the 14 psychosocial work characteristics. All scores of psychosocial work characteristics were ranged from 0 to 100. Rather than reporting the effect of an increase by 1 point, all the scores were Z-transformed in order to achieve parameter estimates on a scale that is easier to interpret. Thus, the ORs and RRs were presented for an increase by 1 SD in the independent variables. All analyses were conducted by the program SAS 9.2. Table I gives information on the sample composition (means and percentages of socio-demographic and occupational characteristics) at baseline and at follow up. Of the 3,088 baseline female respondents in this study, the mean age was 30.94 years, 81.09% were from local area and 59.46% were married. Most of the nurses (92.26%) graduated from nursing schools or colleges. Few of them smoked, drank alcohol, or took regular exercise. The mean working hours per week was 41.71, and the mean duration of healthcare practice was 11.26 years; 66.45% of the nurses had the duty of rotating shift (day þ night), and 79.21% occupied a low position rank. Nearly three quarters had a permanent work contract, and more than half served in the departments of internal medicine and surgery. The characteristics of the follow-up sample were quite comparable to the baseline sample.
Results
Characteristics of study participants at baseline and at follow up
Intention to leave the nursing profession
At baseline, the prevalence of intention to leave the nursing profession was 16.26% (502 out of 3,088 nurses). After one-year follow-up, among 1,521 nurses who were initially free of intention to leave the nursing profession at baseline, 220 nurses developed ITL, and the incidence rate was 14.46%.
Correlations among psychosocial work characteristics at baseline and at follow up
As shown in Table II , at baseline, the highest correlation between the characteristics on work organization and job contents was between ''meaning of work'' and ''commitment to the workplace'' (r ¼ 0.50, p < 0.001); among the five characteristics on interpersonal relations and leadership the highest correlation occurred between ''social support'' and ''feedback'' (r ¼ 0.72, p < 0.001). This was the highest correlation among the 14 psychosocial work characteristics at baseline. The similar pattern was found among changes of psychosocial work characteristics between baseline and follow-up, the highest correlation between the changes of characteristics on work organization and job contents was between ''change of meaning of work'' and ''change of commitment to the workplace'' (r ¼ 0.37, p < 0.001); among the five changes of characteristics on interpersonal relations and leadership the highest correlation occurred between ''change of social support'' and ''change of feedback'' (r ¼ 0.67, p < 0.001). This was the highest correlation among the 14 change variables. Moreover, each pair of psychosocial work characteristics at baseline and at follow-up was significantly correlated (r ¼ 0.28-0.45, p < 0.001)
Baseline associations between psychosocial work characteristics and ITL
At baseline, even after adjustment for a number of confounding factors (model II), most psychosocial work characteristics (except influence and job insecurity) were strongly associated with ITL (p < 0.001). In the mutually adjusted model III, social support showed a reverse association with ITL (OR 1.27, 95% CI 1.04-1.56). In the final mutually adjusted model V, high emotional demands (OR 1.99, 95% CI 1.73-2.30), low meaning of work (OR 0.78, 95% CI 0.69-0.87), low predictability (OR 0.72, 95% CI 0.63-0.82), and low possibilities for development (OR 0.79, 95% CI 0.70-0.90) were the strongest psychosocial work characteristics related to ITL (Table III) .
Prospective associations between psychosocial work characteristics at baseline and new onset of ITL at follow up
As can be seen from Prospective associations between changes of psychosocial work characteristics and new onset of ITL at follow up Table V shows that, in model II, most changes of psychosocial work characteristics between baseline and follow up (except change of influence and change of job insecurity) were significantly associated with new onset of ITL (p < 0.05). In the mutually adjusted model III, only increased emotional demands, decreased commitment to the workplace, and decreased job satisfaction remained significant (p < 0.01). In the final mutually adjusted model V, it was found that increased emotional demands (RR 1.47, 95% CI 1.28-1.68), and decreased meaning of work (RR 0.80, 95% CI 0.69-0.94) were the only psychosocial work factors that significantly predicted new onset of ITL, while increased high quantitative demands had marginal association with new onset of ITL.
The psychosocial work environment index
Not surprisingly, the psychosocial work environment index was associated with ITL, in crosssectional analysis, in prospective analysis, and analysis of change score as predictor of new onset of ITL (p < 0.001) (details see model I and II in Tables III-V) .
Discussion
The main aim of this paper was to explore the impact of psychosocial work environment measured by COPSOQ on ITL. To our knowledge, this is the first study addressing the association between the COPSOQ factors and ITL worldwide. The results indicated that a wide range of psychosocial work characteristics, particularly high emotional demands, low meaning of work, low commitment to the workplace, and low job satisfaction were constantly predictive. The findings were in line with other studies [23] . In European nurses, the first three factors strongly associated with ITL were poor professional opportunities, unpleasant work organization (including quantitative demands, influence at work, role conflict and ambiguity, and possibilities for development), and low health status, whereas work content (including emotional demands, and lifting and bending) just played a minor role [8] .
A recent Swedish study investigated the factors contributing to the decision to leave nursing care, and it was found that unsatisfactory salary contributed most to the nursing personnel's decision to leave, followed by lack of professional opportunities and restricted professional autonomy [24] . Investigating 787 nurses in the USA showed the work/professional satisfaction and organizational commitment had implications for ITL [25] , while another USA study also confirmed such Table II findings [26] . In Taiwan, two studies showed that ITL-related psychosocial factors at work were job satisfaction, professional commitment, salary and promotion [27, 28] . Interestingly, two cross-sectional studies available from China indicated low pay and high workload out of seven work-related characteristics were the main reasons for nurses' ITL [29, 30] . One of the highlights of the present study was to use the psychosocial work environment index, which was produced by combining four overall domains of psychosocial work characteristics. We found better risk estimations in association with ITL. In a recent Danish longitudinal study, the psychosocial work environment index was also used, showing a gradual association with future sickness absence days [19] . The findings from our study further emphasized the importance of changes of psychosocial work characteristics in prediction to developing ITL, since the baseline psychosocial work characteristics showed limited predictive power for new onset of ITL. Such accurate exposure assessment in work stress research has drawn more attention in recent years [12, 17] . The prospective facts of reduced risks of ITL by improved psychosocial work characteristics provide solid evidence to policy makers and mangers of nursing institutions.
Concerning the outcome of intention to leave the nursing profession, in our study, the prevalence of ITL at baseline was 16.26%, and the incidence rate of developing ITL at follow up was 14.46%. The results were comparable to Western countries. The average prevalence of ITL in 10 European countries was 16.50% (9.92-36.59%), while in the USA it was 22.7% and in Canada it was 16.6% [31] . The one-year incidence rate of developing ITL in eight European countries was 8.73% (5.09-14.11%) [7] . Another outcome from the European NEXT Study was actual turnover, with a one-year rate of 7.99% (5.33-13.99% across eight countries) [7] . According to a report from China [32] , the nurses' actual turnover rate in Shanghai during 2001 to 2005 was 12.8%. All the substantial numbers suggest the critical situation of retaining existing nursing workforce in China.
Methodological considerations
The measurement of outcome: ITL vs. actual turnover. In general, ITL is regarded as the immediate precursor of actual turnover [33] , in that it is closely linked to the subsequent steps in the decision process leading to turnover in nursing. In the Chinese NEXT Study, we did not follow up the actual turnover, but both outcomes were explored in the European NEXT Study, where 53.2% of all those who later left the profession to work in another profession had ''frequently considered'' leaving nursing vs. 13.7% of those who remained in their institution during the following 12 months. In addition, the final decision to leave the profession is usually made within six months prior to departure among 83% of all actual leavers, while 80% of all leavers had started seriously considering leaving the profession within the 12 months prior to departure [7] . Moreover, the use of ITL instead of actual turnover in our study could reveal a target population for early intervention before the turnover process becomes too advanced and perhaps irreversible [33] .
Multicollinearity
High correlations between explanatory variables (multicollinearity) can cause instability of item parameter estimates in multivariate regression modelling. However, in many social and psychological studies, particularly the questionnaire surveys, the explanatory variables are usually correlated so that multicollinearity occurs frequently [22, 34] . As can be seen in Table II , most of the 14 psychosocial work characteristics were correlated at baseline and at follow up (particularly social support with other psychosocial factors at work). Multicollinearity could seriously distort the interpretation of a regression model. Often, the sign of regression coefficients might have large standard errors or might be contrary to expectation, which is the initial indication of problematic multicollinearity. In our study, when adjusting for the 14 psychosocial work characteristics mutually, the associations between ITL and many psychosocial work characteristics were not significant any longer (see model III in Tables III-V) , even the social support turned out to be a risk factor to ITL (see model III in Table III ). It has been pointed out that the simplest method to eliminate problematic multicollinearity is to delete at least one offending explanatory variable from the regression model. Therefore, social support was excluded from the mutually adjusted analyses (see Model IV in  Tables III-V) , and the regression coefficients had smaller standard errors afterwards. An alternative approach is centering of explanatory variables, which could reduce correlations between them, as we did by using Z-transformation. Another solution to multicollinearity is to reduce the number of explanatory variables by grouping them [22, 34] . The psychosocial work environment index calculated by combining all 14 psychosocial work characteristics showed better explanatory power, as seen from all our regression analyses.
Mediating effects of intermediate variables
Conceptually, commitment to the workplace and job satisfaction could very well be considered as intermediate variables between the work environment and outcomes. As such, they are not really essential work environment variables. Thus, to treat these two variables equally with other psychosocial factors in the workplace would make the causal inference unclear and make the effect size decrease [15, 19] . A number of studies point out clearly that commitment to the workplace and job satisfaction are the intermediate steps between work conditions and ITL [25] [26] [27] [28] [29] 35] . For this reason, commitment to the workplace and job satisfaction were excluded from the mutually adjusted regression analyses to explore the mediating effects of them. Compared to model IV, there were weak to modest increases in the effect sizes of most psychosocial work characteristics in model V (see Tables III-V) .
Measuring changes of psychosocial work characteristics
The measurement of change between two time points using repeated measures is often more complicated than is usually realized. The common methods are absolute change, relative change, and absolute change correcting for baseline value; while other techniques are also available, such as analysis of residual change and analysis of covariance [20] . However, it is often found that the conclusions from the same dataset about change measured by different analyses are inconsistent. This situation is referred to as Lord's paradox, which occurs where baseline differences cannot be attributed to chance alone [17, 36] . Another solution might be putting both the baseline score and the follow-up score as explanatory variables into same regression model, and the coefficient of follow-up score could be interpreted as a change over time. But since the baseline score and the follow-up score are usually highly correlated (see Table II ) this approach runs the risk of multicollinearity. Importantly, the psychosocial work characteristics measured with COPSOQ have a maximal score of 100 and a minimal score of 0. The participants with very high scores at baseline would not be able to increase at follow up and those with very low scores could not really decrease, that is, the ''ceiling effect'' and the ''floor effect'', which should be considered seriously. Thus, we applied the method introduced by Twisk to measure changes of psychosocial work characteristics while taking into account ''ceiling/floor'' [20] . While the recommendation from Twisk concerns the outcome variable, we have applied the approach to the explanatory variables. Basically, our transformation might give more weight to an upwards change that occurs near the ceiling and a downwards change that occurs near the floor. Compared with other methods of measuring changes, such a technique demonstrated plausible predictive improvement (data not shown). Further debates on this issue are worth developing.
Strengths of the study
The main strengths of the study are the longitudinal design and the large sample size. Many studies on working conditions, ITL, and turnover were cross-sectional with relatively small samples [37] . More importantly, this is the first longitudinal study in China on work stress research, to the best of our knowledge [38] . Given the nature of research design, it is possible to draw conclusions on causality of the observed associations between work stress and ITL. The comprehensive measurement of psychosocial work characteristics by a standardized questionnaire is another strength of our study. Even by using the COPSOQ short version, 14 main psychosocial work characteristics could be covered [15] . The third strength is the repeated measure of psychosocial work characteristics over time, as mentioned above, to assess accurate changes [17] . We suggest further studies taking this into account.
Limitations of the study
Firstly, the follow-up rate of this Chinese NEXT Study was 58.0%. Compared to the European NEXT Study (40.5%), it seems to be acceptable. When looking at the differences between the nurses who participated in the baseline survey only and those who participated in both baseline and follow-up surveys, it is found that the prevalence of ITL in the former nurses was higher (17.89% vs. 15.08%). Therefore, the relatively low follow-up rate might partly be due to actual turnover. Secondly, since a self-reported questionnaire survey was used to measure both explanatory and outcome variables, common method variance might bias the associations in this study. However, it is suggested that common method variance would be less problematic when the study design is longitudinal [39] . Thirdly, the healthy worker effect should also be considered. The nurses who suffered from extremely unfavourable psychosocial work environment factors might already have left the hospital so that they could not participate in our surveys. Thus, the observed associations may be underestimated. Lastly, it has been stated by many studies that money/payment is an important factor to predict ITL [24, 29, 30, 37] , however, it is not measured by the current COPSOQ I short version. Notably, in the newly developed COPSOQ II, monetary factor is included. Besides, a broader concept of reward from work should also be considered, such as Effort-Reward Imbalance, for further analysis [11] .
In conclusion, it is crucial for China to retain its existing nursing staff when facing the critical situation of nurse shortages in the country. Our research findings indicate that a broad range of psychosocial work characteristics are associated with intention to leave the nursing profession cross-sectionally and prospectively. The fact of considerable variability of the psychosocial work environment assessed during the 12-month period may imply potential for improvement, which makes the stress intervention in the workplace warranted.
